. In addition, the DBA/2J strain has recently become an important strain for mutagenesis studies [3, 6, 9] . DBA/2J mice, however, are characterized by poor reproductive performance both in vivo and in vitro, as well as small litter sizes [2, 7, 10, 11] . Therefore, it is difficult to use DBA/2J mice for systematic reproductive and embryological studies. In vitro fertilization (IVF)-ET is a well-established technique that is used for almost all inbred mouse strains. In particular, ET can be performed successfully in most mouse strains, although no reliable protocol for this (Received 19 March 2007 / Accepted 15 June 2007 Address corresponding : H. Kaneda, Functional Genomics Research Group, RIKEN Genomic Sciences Center, Tsukuba City, Japan technique has been reported for the DBA/2J strain. Here we report that DBA/2J mice can be effectively produced using ET under an optimal condition. This protocol is important for the implementation of reproductive technology and embryo manipulation of DBA/ 2J mice.
DBA/2J is a representative inbred mouse strain that is valuable in a number of research fields, including cardiovascular biology [1] , neurobiology [4] , and sensorineural research [12] . In addition, the DBA/2J strain has recently become an important strain for mutagenesis studies [3, 6, 9] . DBA/2J mice, however, are characterized by poor reproductive performance both in vivo and in vitro, as well as small litter sizes [2, 7, 10, 11] . Therefore, it is difficult to use DBA/2J mice for systematic reproductive and embryological studies. In vitro fertilization (IVF)-ET is a well-established technique that is used for almost all inbred mouse strains. In particular, ET can be performed successfully in most mouse strains, although no reliable protocol for this technique has been reported for the DBA/2J strain. Here we report that DBA/2J mice can be effectively produced using ET under an optimal condition. This protocol is important for the implementation of reproductive technology and embryo manipulation of DBA/ 2J mice.
DBA/2J and C57BL/6J (CLEA Japan, Tokyo, Japan) male mice were used as sources for sperm, and DBA/ 2J and C57BL/6J female mice were used as sources for oocytes for IVF. ICR female mice (CLEA Japan, Tokyo, Japan) were used as pseudopregnant recipients for ET. Sperm were collected from the caudae epididymides of adult male mice (25-35 wk), and allowed to diffuse in a drop of human tubal fluid (HTF) me-dium (50 µl) [8] . After preincubation for approximately 1.5 h to allow for capacitation, the sperm were used for insemination. Three-to four-week-old female mice were superovulated using intraperitoneal injections of 5 IU PMSG (Serotropin; Teikokuzoki Co., Tokyo, Japan) and 5 IU hCG (Gonatropin; Teikokuzoki Co., Tokyo, Japan) with an interval of 48 h between injections (at 17:00-18:00). DBA/2J and C57BL/6J mice showed sufficient responses to the gonadotropin treatment. The mice were sacrificed approximately 15-17 h after the hCG injection and the oocyte-cumulus complexes were collected from the oviducts. Complexes from 1-3 female mice were each placed in a drop of HTF fertilization medium (200 µl). Insemination was performed by adding 2 µl of the sperm suspension to fertilization drops (final concentration, 100-200 sperm/ µl) containing oocytes from the same strain, which were then cultured at 37°C with 5% CO 2 in air. Six hours after insemination, the oocytes were washed to remove excess sperm and fragmented oocytes, and were then cultured overnight in a drop of M16 medium (50 µl, SIGMA). The next morning (24 h after insemination), the number of two-cell embryos was counted, and the embryos were transferred. Two-cell embryos generated from DBA/2J and C57BL/6J were transferred into the oviducts of Day I pseudopregnant ICR females mated to vasectomized ICR males. Embryos were allowed to deliver at full term, and the number of pups born was recorded (including muricide). Statistical analyses were performed by one-way ANOVA. The computations were done using StatView version 5.0 software (SAS Institute Inc.). All experiments conformed to the Japanese regulations on animal care and use, which are based on the Guidelines for Animal Experimentation (Japanese Association for Laboratory Animal Science, JALAS, 1987).
Sufficient numbers of oocytes for IVF were obtained following superovulation in two females for each strain. The average number of oocytes (mean ± SEM) obtained from the DBA/2J mice (33.7 ± 3.0 SEM; n=70) was significantly lower (P<0.05) than that obtained from C57BL/6J(43.6 ± 2.6 SEM; n=61).
The results of IVF are shown in Table 1 . The rate of fertilization was calculated as the percentage of inseminated oocytes that developed to two-cell embryos. The fertilization rates 24 h after insemination for the DBA/ 2J and C57BL/6J were 83.2% (73.2-95.5%) and 71.6% (57.8-93.5%), respectively. Thus, the fertilization rate of the DBA/2J oocytes was significantly higher (P<0.05) than that of the C57BL/6J oocytes. Table 2 shows the results for the transfer of the twocell embryos obtained after IVF. Seven embryos were transferred into one oviduct of each ICR female. The rate of pup production was calculated as the percentage of the transferred embryos that developed into offspring. The DBA/2J and C57BL/6J embryos transferred at the two-cell stage subsequently developed into newborns at rates of 15.5% and 21.4%, respectively. Although the difference was not significant, the rate of pup production tended to be lower for DBA/2J embryos than for C57BL/6J embryos.
To determine the optimal conditions for the effective production of pups, various numbers of two-cell embryos (10, 12, 15 embryos per oviduct) were transferred to the oviducts of pseudopregnant females (Table 3) . The rate of pup production with the DBA/2J embryos increased from 15.0% when 10 embryos per oviduct were transferred to 23.9% when 15 embryos per ovi- duct were transferred. This difference, however, was not significant, because the rate of pup production with DBA/2J embryos varied widely. When 30 embryos were transferred to a female, we managed to achieve a number of births close to the number of pups achieved in natural mating. Therefore, we did not perform an implantation experiment with more than 30 embryos per female. In this experiment, 20, 24, 30 embryos were transferred to a female, and the average number of implantations (mean ± SEM) were 11.0 ± 1.5 (n=3), 9.0 ± 5.0 (n=2) and 17.7 ± 1.8 (n=3), respectively. Implantations of sufficient numbers of embryos were observed under all of the conditions. However, there were only a small number of births, indicating that more than half of the embryos died after implantation. The reason for the deaths is unknown, but it possibly correlates with the immune system, or quality degradation of the embryos, due to differences between the MHC molecules of the pseudopregnant strain and those of the fetuses [5] . The number of live births, however, was similar to that observed for C57BL/6J strain. Furthermore, the transfer efficiency was higher than that reported in a previous report [10] . This study shows that the transplant efficiency of DBA/2J embryos improves when a larger number of embryos are transplanted. Thus, transplantation with a relatively large number of embryos is a feasible method for the production of DBA/2J mice. The transfer conditions we have described should allow the implementation of reproductive technology and embryo manipulation in the DBA/2J strain. *Two-cell embryos (7 embryos per oviduct) were transferred to the oviducts.**The percentage was calculated as the number of offspring delivered devided by the total number of embryos transferred.
